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ABSTRACT

Satisfactory operation of automotive and diesel equipment during
the Arctic winter cannot be attained without suitable lubricants. In addi-
tionto theusual requirements of lubricity, oxaidation stability, and deter-
gency, crankcase oils are required with pour points below -65°F having
viscosities sufficiently low (maximum 4500 cs) te allow easy starting
at temperatures down to -65°F yet capable of maintaining an adequate
lubricating film (minimum 4.75 cs at 210°F) at operating temperatures.

Of the six crankcase oils tested at the Arctic Test Station, no sin-
gle oil satisfied theviscometric requirements at both high and low tem-
peratures. Bis(2-ethylhexyl) adipate. though sufficiently fluid at -65°F.
was too light to prevent excessive wear in heavy-duty engines at oper-
ating temperatures. The REO-15-47 oil and Keystone 20W containing
40 percent Velo A upon the loss of the volatile diluent tended to revert
to the high viscosities and pour points of the base oil and were unsuited for
suchapplications. REO-72-49 and Ucon LB-140X giveadequate lubrica-
tionatoperating temperatures but require starting aids at temperatures
of approximately -35°F and -25°F respectively. The pour peint of the
Ucon LB-140X makes it unsuitable for use where temperatures below
-45°F are encountered. The RPM 5Woil will allow starts down to approxi-
mately-30°F bhut excessive wear is reported at operating temperatures.

No oils are available having the viscometric properties desired in
a crankcase oil, therefore a compromise 1s required. A suitable com-
promise oil should have a maximum pour point of -65°F and be viscous
enough at operating temperatures to prevent excessive wear. [Its viscos-
ity at subzero temperatures should be as low as possible consistent
with the viscosity requirement at operating temperatures. The REO-27-
-49 or MIL-0-10295(0Ord) oils are such a compromise. Qils with lower
viscosities at subzero temperatures can be obtained if a large propor-
tion of synthetic oils arc used in their formulation.

Arctic gear oils must have maximum pour und channel points of
-65"F, and be able to support the loads developed by the gears. Addi-
tives used in their formutation should not separate in use or in storage.
Seven gear oils were tested at the Arctic Test Station. Ensign 561 and
Navy Symbol 9500 have too high pour points to be considered for this appli-
cation,andthe Ucon LB-140X and [LB-400X oils fail to support the loads
develonedhy the gears, Keystone 78-6 and Ucon LR-140X-A0 are useful
to approximately -40° to -50"F but the former showed indications of addi-
tives separation at low temperatures. The RGO-28-4T7or MI1L-1,-10324
(Ord) gear oils performed satisfactorily in all equipment over temper-
atures of +30°F to -50"F. This oil should be satisfactory down to -65"F
since it is fluid at this temperature,
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A LABORATORY EVALUATION OF LOW-TEMPERATURE
LURRICANTS FOR AUTOMOTIVE AND DIESEL EQUIPMENT

INTRODUCTION

Conventional lubricants are not suitable for use in vehicles and engines at
the temperatures encountered during the Arctic winter because of their high pour
points and excessive viscosities. Since it s unlikely that military supphies can
be housed in heated buildmngs, it 1s necessary that the pour point of the lubricants
be as low or preferably 10\\cr than the lowest temperature likely to be encountered,
generally accepted as -65°F. Unless the oil has a pour point as low as the ambient
terperature 1t cannot be transferred from its contarner to the equipment in neecd
of lubrication.

Another property desired in Arctic winter ¢ran'.case oils is that their viscosi-
ty be sufficiently low so that adequate cranking speeds for starting may be attained.
Since battery efficiency decreases with decreasing temperature and ignition
difficulties increase because of decreased fuel volatility and flammability, the
Iimiting viscosity of the crankcase oil also decreases {1). However, a value of
4,500 centistokes (cs) or 20,000 Savbolt Universal Seconds (S.U.S.) 1s a reason-
able dn,)rnxlmat\on of the limiting viscosity of an automotive crankcase oil at
temperatures of 0 °F and below. Though less information i1s available for diesel
engines, it i1s believed that the Innntmg crankcase o1l viscosity is of the same
magnitude as that for automotive engines. At temperatures below -25°F the
efficiency of lecad-sulfuric acid batteries decrease so rapidly that they are incap-
able «f turning the engine at sufficient speeds to obtain starts, regardless of
crankcasc oil viscosity, unless the battery is warmed to temperatures above
-25°F.

Two methods of obtaining low-viscosity oils are apparent. Diluents, such as
gasoline, kerosene, or diesel fuel, may be used to lower the viscosity of conven-
tional motor oils. lLower molecular weight and less viscous compounds or petro-
leum fractions may be used as lubricants. The lower the viscosity of the
diluent, the more effective it 1s in iowering the viscosity of the oil {2). Pour
points of motor oils containing appreciable quantities of wax are not effectively
lowered by the diluents unless the wax 1s soluble in the diluent. As the volatility
of a diluent increases with decreasing viscosity, the diluent most effective in
reducing the viscosity of the oil is the least permanent and will require constant
replacement. Consumption will therefore be high. The use of low-viscosity
diluents such as gasoline also increases the fire hazard in vehicles.

A satisfactory Arctic winter crankcase oil must also provide adequate lubri-
cation at operating as well as at starting temperatures. Under "“short haul” and
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idling conditions in very cold weather, cranxcase temperatures arc much below
normal and cases of the lubricant congealing in the crankcase have been renorted,
Therefore, the viscosity of the lubricant must not be so great that it cannot
be pumped to the moving parts of the engire. During long hauls and on warmer
days the crankcase temperatures are essentially normal and the oil must have
the lubricating ability of SAE grade 20 or 30 oils. If an oil of 100 low a viscosity
at norimal crankcase temperatures {ca175° ') is used, 1t will be impossible to '
attain normal o1l pressures. and insufficient lubricant will be supphied to the
moving parts. There 1s also the possibility that a very low viscosity o1l will not
have the "body” to support the loads developed in the engine. Another possible
difficulty with oils of low viscosity and low molecular weight 1s that they may be
volatilized or. hot surfaces such as cvlinder walls and that insufficient oii wiil
remain for adequate lubrication.

In additior. to the special propertics required of an Arctic winter ¢rankcase
oil, 1t should also have the properties required of conventional oils [ tese
include resistance tooxidationand to the formation of lacquer and ot insoluble
depusits. The oil should have the ability to prevent the accumulation of such
products, commonly known as detergency. 1t should not be corrosive 1o bearing
materials and should be able to protect ferrous metal parts from the rusting
action of water. Neither should the oil foam badly or forn: stable fooms

Conventicnai grade transmission and different:al vear oils are also unsatis-
factory for Arctic winter use. Mrozen transmissions and the inabihity to shift
gears are common complaints when conventional grade lubricants are used In
an effort to prevent the congealing or freezing of the lubricant low freczing
point diesel fuels have been used as diluents for gear oils. Thouuh this exnedient
made the vehicles operable, the increased maintenance caused bv higher leakage
rates and increased wear made a better solution desirable.

Besides having adequately low pour and channel points 'Tw[uuo-t %), the
viscosity of the gear lubricant should not exceed 22.000 ¢s at -657F if excessive
drag and difficulties in shifting gears are to be avoided. The gear o1l should be
able to support the loads developed by the gears and should not foam excessively.
The additives used must be stable at the temperatures encountered and should
not settle out of solution. The 01l should not be corrosive to the materials 1t
contacts and it is desirable that it prevent the rusting action of water on ferrous
metal parts.

In an effort to find the most desirable lubricants tor Arctic winter operation,
a cooperative test program was inaugurated. Uhe operational characteristics of
a variety of experimental lubricants would be determined in Bureau of Yards and
Docks cquipment by the Arciic Test Station, Pomnt Parrow, Alaska. Samples of
oil after varying periods of use in the cquipment were to be forwarded to the
Naval Research Laboratory for analysis to determme the changes that had taken
place during use. From the physical and chemical properties of tk oils and the
changes in these properties during service use, mformation as to their sumitabihity
for such operations and their approximate service hife could be obtained. This
information in conjunction with the information on operational characteristics was
to be used as a guide in selecting the lubricants most suitable for Arctic winter
use,
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DISCUSSION CF RESULTS

The results of the analyses of the various experimental oils are given in
Tables 1 to 1 anclusive. To faaititate discnssion, the data are tabulated into
grouns according to the application and the o1l used. These groups are furtner
subdivided as to the vehicle or equipment 1in which the oil was used. Properties
of the new unused ol are also shown so that the changes that took place during
service may be more readily discermble. As a greater number of samples and
analyses arce available for study than were available 1 the previous reports
(7) 18), 1t 1s possible to welgh the results and to draw more definite conclusions.
The canclustons nrescmed here may not therefore be the same as those bhased on
a smailer number of observations in the previous reports.

Cranscase Cuis

Properties of the crmiicase oils are shown m Vables 1 to 4 Those of the
svathetic polypropylene oxide derwvative “Ucon T'H-140X"are given tn Table |
This oil falls between SAE grades 53 and 10W «t 0°F and 1s o SAE prade 20
at 2107 K It was used inthe ¢ranke ises ot Jeeps, weasels, TVT(3)'s and w' D=t
Practor., Ambient temperatures ranged from +24% 10 -47%F with - 12°F bewng
considered as the averaee ambient test temperature. The pour pomnts of the used
otls varied within 101 of that of the new o1l (=457 with but four exc eptions,

It 15 obvious fron: therr viscoine:r:ic properties that the two oils with pour points
below =757V (sample taken 9 2948 from Jeep No 1 and sample taken 12 18 /4R
from Vease! Noo 2) were miuslabeled or contaminated with a very light oil. The

i Ohic. :
two otls with pour points of -5 F muay be attributed to fuel dilution,

Theve was hittle change 1in the viscosities of the used oils as compared with
those of the new o1l at temperatures of 210% and 100°1°. At -40°1, the viscosities
of the used oi1ls are approxinately 50 percent greater than that of the new oil
Increases mn the low temperature viscosities of the used oils are attributed 1n
part to the solutton of fuel and o1l oxidation and polynterization products. Such
changes i viscosities of used oils at subzero temperatures are consitdered abont
normal. No anpreciable ditferences were noted in the viscos 'ty characteristics
of the o1ls used 1n different rtype envines. FEvidence of the oxidation stabihity and
extent of oxitdative deterioratron of otls muav be obtamed trom the changes in
therr heutralization numbers  In general, the nsed Ucon 1.P-140X oils had neutral-
ization number increases of 0 7 und this was attumed after considerabie service
nee . Such an mercase 1s not unusual, and this ail s bebiesved to have adeguate

stability,

Precipitation numbers are evidence of the presence of o1l insoluble materials
Such products may be formed by o1l or fuel oxudation or imay be extrancous nur-
terial such as road dust. In veneral, precipitation numbers increased with the
length of ol use. However. the addition of “mudke-up™ o1l mashed this trend
because af the diluent action ol the new o1l. Insufficient anformation is available
to determine whether the increases in neutralization nnmbers were due primarily
to oil oxidation or to the presence of extrancous materials,

The Ucon L.LB-140X oil appears to be in very good condition after use as a
crankcase oil in the various engines, showing no evidences of excessive oxidation
or other forias of deterioration. ‘1he Arctic Test Station reports (3) that wear
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and consumption with this oil were considered normal. BPecause of its high pour
point and high viscosity at -40 17 {30,000 to 50,000 cs) this oil is not suitable for
Arctic winter operations. It was somewhat more difficult to obt.nn engine starts
when this o1l was used than with lower viscosity oils. At -48°F one and one-half
{1-1/ /2) hours of heat apnl'cation, using a 250,000-Btu Herman-Nelson heater,
were required before it was possible to crank a jeep lubricated with this oil.

Properties of the nsed bis(2-ethylhexyl)adipate oilsused as a crankcase
lubricant for jeeps, weasels, LVT(3)'s and a D-8 tractor are given in Table 2.
This synthetic diester oil wos abtained from two sources, that from Dupont be-
ing identified as PSP-i4 and that from Ohio Apex Company as Adipol 2EH.
Properties of the oils from different sources are essentially identical. This o1l
has a viscosity of 110¢s at 0 °F and its viscosity at 210°F of 2.4 cs 1s below the
mimmum viscosity of 3.88 ¢s (39 5. U.S)) for SAE 5W oils. It was selected for
tests in order to obtain information as to the lubricating ability of low-viscosity
oils under Arctic winter operating conditions and also for information as to the
limiting viscosity for engine starting. Because of the relatively high boiling
point of this diester as compared with petroleum oils ¢f similar viscosity.the
results would not be confused by high o1l consumption or wear due to the evapora-
tion of the oil from hot cylinder walls. Ambient temperatures ranged from - 10°
to -50°F during tests.

It is evident that the first used-o:! sample from Jeep No. 2, taken on 9/29 /48,
15 mislabeled or contaminated. Subsequent samples tend to approach the proper-
ties of bis(2- ethylhexyl) adipate because of the addition of “make up™ oil. The
sample taken 1/15/49 has properties almost identical with those of the new oil
except for neutralization number. Samples taken from Weasel (Test No. 2) have
viscometric properties similar to those of the new oil. There 1s some evidence
of dilution in the samples taken 5/20 and 5/31/48 since their viscosities are
lower than those of the unused o1l. Some of the samples from the other weasels
show evidence of even greater fuel dilution. A number of samples had rather
high neutralization numbers. That taken from Weasel No. 1 on 5/16/49 after 455
hours and 731 miles of operation had a neutral:zation number of 3.09, and its
precipitation number, 0.8 was also high. Several of the samples from the LVT
(3) were also contaminated with other oils as evidenced by their viscosities

In general, the laboratory evaluation of the used bis{2-ethylhexyl) adipate oils
showed that the oi1ls from the different vehicles and engines were 'n approximately
the same condition. The neutral zation numbers of some samples reached rather
high values, a possible consequence of contamination with other oils. The samples
from the heavy-duiy diesel engine had lower neutralization numbers than did many
of the samples after comparable service in automotive engines. With the exception
of the neutralization number increases,this oil showed no other evidence of
deterioration 1n service,

The Arctic Test Station reported (3) that oil consumption was normal and
that this appeared to be a good crankcase lubricant for automotive engines. Though
no lubrication failures were reported crankshaft wear occurred during 1dling
periods when oil pressure was low. This seems to be a reasonabhle explanation,
as it is known that oil pressures decrease with decreasing viscosity and this 1s
a very low viscosity oil. Wear on the heavy duty diesel engines was high. Auto-
motive equipment lubricated with bis(2-ethylhexyl) adipate cranked easily down tu
-48°F (3,4). No starting aids or coolant heaters were necessary for starting at -30°F
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if the vebicles were in sood condition, Ether capsules were used to swart the
diesel engines. At -30°F , bis(2-ethylhexyl) adipate has a viscosity of 400 cs
which 18 so nmuch below thc limiting crankcase oil viscosity of 4,500 cs that very
hittle battery nower would be required to overcome the viscous drag of the lubri-
cant. This ol s regarded as a border hine automotive crankcase lubricant be-
cause 1ts low viscosity makes 1t impossible to mamtain adequate o1l pressure
with conventional engines. If the o1l pressure could be maintained 't 1s possible
that this o1l would be satisfactory for automotive engines

Properties of the Keyvstone 20W (60 percent) - Velo A (40 percent) oils are

shown in Table 3. This is a 20W o1l contaning 40 percent of a4 gum and sludge
solvent identaified as Velo A, The resulting mixture 15 a SAE 10W grade o1l. At
subzero temperatures 1t 1s non-Newtonian hquid and the viscosity values shown
are therefore avpproximate., Pour points of the used ol samples are variable,

most of them being higher than the original mixture. The viscosities of the used
o1ls dre also greater than those of the original mixture. These phenomena are a
manifestation of the vaporization of the less vascous Velo A component. Samples
taken on 12/10,/48, 2 /4 /49 ,11'.-!“‘1 28749 from the D-6 tractor show a progressive

decrease in viscosities at -40

It seems probable that a low viscosity "make
un” o1l 1s being added as these oi1ls have lower viscosities than the original o1l
LLow neutralization and precipitation numbers indicate hittle o1l oxidation or
deterioration but this is mashed to a certain extent by the large volume of "make
up” o1l added lhe Arctic Test Station reported that consumption rates were high
due to the evaporation of the light component (3). The variabilities 1n the pro-
perties of the used o1ls caused by chanees in composition with evaporation of the
Velo A and the high nour points make this nuaxture unsuited for Arctic winter use,

Army experimental ol REO-15-47 was also used as a crankcase lubricant,
This 01l 1s 2 dewaxed naphthene base petroleum fraction of 8.9 ¢s (55 5. U.S))
viscosity at 100°F prediluted with 10 percent of 4 gasohine fraction. Its properties
and those of the used oi1ls are shown m Table 4. This 01l has a lower viscosaty
than does bis(2-cthylhexyl) adipate and 1s therefore hehter than a SAE 5V ol
Samples recewved for analysis were all from o jeep. The ureatest changes taxing
place in this ol with service were increased i viscosities and pour pomnts due to
the evaporation of the gasoline diluent., Nevirahzation numbers tended to approach
a value of 1.0, The Arctic Test Station reported that consumption rates were ex-
cessive (3). Though the wear rates were not exvessive in the jeep, concern as
to the lubricating ability of this oil in heavy duty engines was expressed. Decause
of the high oil consumption, extra maintenance, variability in o1l properties, and
added flammabihity hazards., this o1l 1s not considered sustable for Arcnic wainter
use,

A new experimental o1l was developed by the Army to replace the REO-15-47,
This new o1l wdentified as REOQ-72-49 15 a petroleum o1l composition contanming o
viscosity index improver and MI1.-0-2104 type additives, It has bheen superseded
by a similar o1l covered by specification MIL.-0-10295(ORD).  The propertics of
the new REO-72-49 oil shown in Table 4 are those of a M'L-0-10295(ORD) o1l as
no sample of the former was received foranalysis. REO-72-49 oils were used
in the crankcases of a jeep, weasel and D-6 Tractor. The properties of the usced
oils are shown 1n Table

Viscosities of the samiples of oil taken from the jeep and that of the sample
taken from the tractor in 1/20/51 are lower than those of the new oil at 160°t
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and 210° F. Samples from the jeep also have viscosities lower than that of the
new o1l at subzero temperatures. In contrast, the sample from the weasel and
that from the tractor on 11/30/50 are considerably more viscous than the new
oil cver the entire temperature range. Dilution 1s not the cause of the low vis-
cosities as the amount of dilution in both series of samples was low and of the
same m: gnitude. Properties of the oils differ so greatty that contamination or
mislabeling was suspected until the Arctic Test Station report was received
commenting on the variabilities in the properties of different batches of new oils.
With the exception of the sample taken from the jeep on 1/15/51 which has a high
neutralhization number (2.0), there is no evidence of excessive oxidation or deter:-
oration of these oils. 1t was reported (4) that this o1l had good lubr cating pro-
perties. Engines could be started fairly easily at ambient temperatures as low
as -357F without the use of coolant heaters or startine awds. Because of the
variabilities 1in the properties of the new o1l and the limited experience with this
oil further testing 1s recommended with the o1l in a variety of equinmen:

’

The RPM 5W o1l as a blend of approximately half aud half of & svirbetic
polypropvlence oxide derivative and petroleum ml (t). Properties of the new RPN
S5W oil Table 4. ure those caven by Miller and Galindo 10) s no sample of the new
oil was available. This o1l 15 well below the maxain ey viscosity for a 5W o,
having a4 viscosity of 650 ¢s  at 0°F as compared 1o the R70 ¢s maximum for 5°4
oils. Its viscosity of 4.7 €5 at 210YY 15 well above the vimirum of 39 ¢s for 5W
oils but is less than the mimmum of 5 75 ¢s for M1 -0-10295 oils. It 's presumed
(6) that a detergent and probably other additives were mmcorporated in the oil.

Analysis of the used RPN SW oils revealed that the oils from the weasels
and HD-19 tractor had viscometric properties gquite simitlar 'o the unused ol
The sample from the jeep Was MOTe VISCOUSs at fow temperatures. All of the
samples had pour points of -»5 ¥ Neutralization numbers of the samples fron
the weasels were rather high, approx:imately 2 0 while those from the jeep and
HD-19 tractor were much lower,  less than 0 9 1The suall number of samples
examined and variations 1in their properties niaxes 1t difficult to draw conclusions
as to stabihity. The Arctic Test Staton reported 4) that this o1l tended to be-
come very viscous at temperatures below =207 Viscosity determmations re-
veal that these oils have anproxamately the sanie viscosity at -40°1 as do the
MIL-0-10295(ORD) oris. In fact. they are mterniediate in viscosity at this tem -
perature to the extremes of the REO-72-499 o1ls. It wae also reported that at
operating temperatures (140 to 180% F) the o1l lost body and the engine lost power
No lubrication failures have been reported

Gear Onls

Properties of the gear oils are shown in Tables 5 to 11 inclusive. Table 5
lists the properties of the synthetic Ucen 1 1'-400N o1l used 1n the differential,
tronsmissions, final drives, and transfer cases of jeeps. weasels, D-o tractor
and the Little Giant Tractor saw. The used oils changed Nittle 1n properties
from those of the new oil, only the sample from the differential of the tractor
saw hiad a high neutralization number. Thouvh the oils change little in physical
or chemical properties with service several of the samples comained mecal
particles. Analysis of the metals present i the sample taken 2/3/4¢ from differ-
ential of the jcen revealed the presence of large amounts of copper, lead. and tin
in addition to iron and nickel. It is evident that besides the abrasion of the stee:
gears the copper alloy bushings or bearings were baaly worn. The same metallic
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constituents were found in the sample from the differential and transmission of a
weasel. The presence of these metals, in such large amounts, confirms the re-
port of the Arctic Test Station that abnormally high wear rates were observed

in the differentials and transmissions of equipment lubricated with the oil.
Evidently the Ucon LB-400X does not have sufficient “load carrying capacity” to

support the heavy loads developed by the gears and it is not recommended as a
gear lubricant.

Properties of the Ucon LB-140X a lower viscosity grade oil than the 400X
arec shown in Table 7. There is evidence of the admixture of other oils in the
sample from LVT(3) No. 2 taken on 2/4/49 as it consisted of two liquid phases.
The higher viscosity Ucon oils are not completely miscible with petroleum oils.
Though there is some variability in the properties of the used oils, possibly due
to contamination with other oils, the used Ucon 1.B-140X oils were not badly
oxidized while 1n service. There was visual evidence of metal particles in sever-
al samples of the used o1ls and this was confirmed by the report (3) of excessive
wear in vehicles using the oil as the gear lubricant. lligh wear rates would be
expected as the 140X grade has the same composition, though it is less viscous,
than the Ucon 1.B-400X o1l. It is not recommended as a gear lubricant.

The Ucon LLB-140X-50 o1l dhffers from the Ucon [.B-140X in that the former
contains an extreme pressure additive. This oil falls in the SAE 75 grade as a
transmission oil, see Table 6. 1t was used in the differentials and transmissions
of a jeep and weasels and in the transmission and final dr:ve of a D-6 tractor.
Samples taken during the winter of 1949-50 have somewhat lower viscosities than
those in the winter of 1950-51. This is believed duc to difference in production
batches rather than to changes caus ‘d by service use.

No appreciable changes 1n physical or chemical properties occured during
service and the oils appcared to be 1n ¢ood condition. There was no evidence of
unusal wear i1n the samples submitted for analysis. The Arctic Test Station re-
ported (3) excessive wear of jeep and weasel transmissions lubricated with this
oil and later (4) reported satisfactory operation in jeeps, weasels, and tractors.
It 1s suspected that the high wear rates first reported were due to the nse of the
Ucon LB-140X which does not contain an extreme-pressure agent. Though this
oil gave satisfactory performance at the lowest temperature encountered, -50°F.
difficulties in shifting gears and excessive drag would become more apparent at
lower temperatures. Pecause of 1ts high pour point {-50°F) and viscosity, this
o0il 1s not suitable for use at temperatures down to -65%1

Propertics of the Ensign 561 gear lubricant are shown 1n Table 7. This o1l
does not conform to the new SAF requirements for transmission 0ils. 11 is devss
viscous thar a grade 90 o1l but it cannot qualify as a grade 80 oil as 1ts pour
point is above 0°F. Though no major changes in the properties of the o1l due to

N B ) 3 4]
service use were observed its high pour point, above 0}, makes it unsuitable
for Arctic winter use,

Navy Symbol 9500 oil is a heavy-duty crankcase oil, SAE grade 50. As a
transmission oil it would be classified as SAE grade 90. The properries of the
new 0il shown in Table 7 are those of a typical oil conforming to the specification
and are not necessarily those of the new oil used in these tests. There is a drop
in the viscosity of the oil with service use. Oils from the final drive had lower
viscosities than did those of comparable service in the transmission. However,
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- ) 210k . . ;
the relatively high pour point, - 15717, of used oils, and the specification require-

ment of +157F maximum pour point would ehiminate this o1l from corsiderat:on
as an Arctic gear oil,

Properties of the RGO-25.47 vear orls wre shown an lables 8 and 9. This
oil 15 now covered by specitication ML - 10324(0ORD). They are less viscous
than the lightest o1l covered by the SAL transnussion classification, grade 75,
Table 8 lists the properties of the o1ls used 1in differentials, transmissions, and
transfer cases of Jeeps. Table 9 gives the properties of oils used 1n the differen-
tials, transnmssions, caxd final drives of weasels and o DeRB tractor. Peoiuse of
the non-Newtonian nature of these cils at low temperatures, the viscosities
shown at subreru temperatures are approximate

Properties ot the used otls from the jeep are extremnely variable A number
of siamnles have much higher viscosities and pour pownts thar the new il It oos
possible that sonie increase in pour nont aand viscostty conld bhe attribirted to o1l
deterioration during use bat the changes awre so great that contamination with
more viscous otls 1s suspected 1in g mjaority of instances  Additional evidence
of contamination 1s that the (hanges n propertiers «re not revular, i e there s
no orderly mcrease or decrease 'nviscosity or pour point with use. l'or exarmnle
the samples from the differentud of Jeep Noo D after ceron 1420 231, 394, 240, and
S81 miles of onperation have the following visrosit.es i centistores at 100 M
12.3, 13.8. 17,6, 16,2, 13.8, und 15.0. At -40%F their viscosities are: 2,400,
5.000, 10,000, 13.000, 6,000 and +,500  Therr pour points show w stmialiar varsa-
bility. Oils taken from the transm:ssion of th:s jeep after comnarable mileaces
show changes similar to those for the differential orls. Other used vil samuwples
have propertics vlosely approximating those of the new o1l ws exemphified by
samnles from: front differential of Jeep Na. 2 on 179751, rear differential of
Jeen No. 2 on 172751, transmission of jeen fnew) on 3 3744, and transmission
of Jeep No. 1 on 9.29/48  All of these samples had low precinitation numbers
but there is some variabihity in their neutralization numbers. It is possible that
difference in the neutrahization numbers of different procurement batches of ol
may be resvonsible for part of the varitalnlity abhserved

Other saraples of o1l show very great changes 1 properties after compurable
service, e.g. the sample taken trom the front differential of the jeep on b 7 48
after 165 niles of operation had a viscosity of 30.9 ¢s at 100°F and 15.000 ¢s at
0% . Its pour point was -30%  Six out of the 37 samples of used RGO-28-47 o1ls
had pour points above -40°F. 1t 1s suspected that the used o1l samples with
physical properties greatly different from those of the new o1l were caused by
contamination or admixture with other otls. All of the used oils had low precipi-
tation numbere and the nentralization numbers were relatively constant at about
0.8 to 0.9, evidence that the oil was reasonably stable and that the additive con-
tent had not changed appreciably,

Samples of RGO-28-47 from the weasels and D-R tractor., lable 9, are not
as variable in properties as those froin the jeep, Talle 8. The cxceptions ace
samples takenin the winter of 1951 fromthe finaldrives of the D-8 tractor  These
samples have viscosities of 21.6 to 43.2 ¢s at 100°F as compared to 12,5 s for
the new oil. Evidently they contain varying proportions of a more viscous ol
In general, the used oil samples from these vehicles do not differ greatly n
viscosities and pour points from those of the original unused oil irrespective of
their use, i.e. differential, transmission or, final-drive gear oils. None of the
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samples had appreciable precipitationnumbers but there is a greater variation
in neutralization numbers. Samples taken during the winter of 1948-49 had
neutralization number of approximately 0.9 while those from the winter of 1950-
51 had a value of approximately 0.5. This is attributed to differences in the
original neutralization numbers of the different lots. Possibly 4 lesser amount
or a different extreme-pressure additive was used in the preparation of the oils.

Though the used RGO-28-47 oils show great variations in properties, this
1S attributed to the admixture of other oils rather than to o1l deterioration A

S

the new o1l that it is beleived justifiable to c0nclu<lc thnt the RGO- ZR 47 or .\ilL-
L-10324(ORD) gear oils show no evidence of excessive deterioration during use

in the various vehicles and applications. The Arctic Test Station reports satis-
factory operation with this oil (3, 4}, gears shlftcd easily, and there wias no evi-
dence of sluggish vehicle operation down to -50°F. No indications of excessive

wear were observed.

Properties of the Keystone 78-6 llypond gear o1l are shown in Tables 10 and
11. This oil has a viscesity of R17 ¢s at 0°F as compared to the maximum of
3,268 cs for a SAE grade 75 gear oil. 1t is considerably more viscous than the
RGO-28-47 ail (817 cs as compared to 230 c¢s) and has a higher pour point.
Table 10 gives the properties of the oil after use in differentials, transmissions,
and transfer cases of jeeps and weasels. Viscosities of the oils taken from Jeep
No. 2 are so rnuch lower than that of the new oil that 1t 1s suspected that 1t has
been contaminated with another oi1l, probably RGO-28-47. Pour points of the oils.
except those that are obviously mislabeled or contaminated, vary from -45% to
-60°F. The lowering of the pour points of the used oils may be a result of a
better dispersion of the additive due to the shearing action of the gears. The
Arctic Test Station reports (3) that some material settles out of this oil on
standing. It is probable that the upper o1l layer would have a lower pour point
than the lower layer. Therefore. the lower pour points of the used samples could
be due to the precipitation of the additive in the original container or while in the
vehicles., The viscosities of the majority of the oils had changed very hittle.
Precipitation numbers were generallyaround 0.1, wlich is not excessive, and
neutralization numbers varied from 0.4 to 1.0. These variations may be a mani-
festation of the precipitation of the extreme pressure agent,

Properties of the gear oils used in LVT(3)'s, D-6 and D-8 tractors are given
in Table 11. A number of samples in thxs series are evidently mislabled or con-
taminated since their viscosities at 100 I are much greater than that of the new
oil. Several had viscosities of 73 cs at l(')Oo F as compared to 20.7 ¢s for the
new oii. Other bdlllpl\ s had viscosities intermediate to these values. Samprs
with the high viscosities also had much higher pour points, up to -5%17. In general,
the pour points of the used oils were approximately the same as that of the new
oil, -45 F. A few samples had lower pour points, possibly due to the better dis-
persion of the additive or to its precipitation. About half of the used oils had
properties similar to those of the new oil and showed little evidence of oxidation
or deterioration.

Except for the precipitation of additives, the Arctic Test Station reports that
this gear oil gave satisfactory performance in all vehicles and equipment down to
temperatures of -50 F. No excessive wear was observed; gears could be shifted
easily; and there was no appreciable drag on the vehicles. As this lubricant has
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a pour point of -45°F, difficulties with gear shifting, stiff axles and channeling

would be expected at lower temperatures. This oil appears to be marginal as an
Arctic winter gear oil.

SUMMARY AND CONCLUSIONS

The two crankcase oils containing volatile diluents, REO-15-47 and the Key-
stone 20W (60 percent) - Velo A (40 percent) show great variations in properties
due to the evaporation of the diluent. The extra maintenance required because of
the high oil consumption; the increase in low temperature viscosities and pour
points make these oils unsuited for Arctic winter use. The synthetic Ucon LB-
140X though giving satisfactory performance and lubrication at operating tem-
peratures and startability at temperatures down to -20°F becomes so viscous at
temperatures below -30°F that starting engines becomes difficult. lIts pour point
of -45°F is also too high for satisfactory winter serivce where even lower tem-
peratures may be encountered.

Bis (2-ethylhexyl)adipate oils, identified as PSP- 14 and Adipol 2EH, are
apparently on the border line cf viscosity at operating temperatures for automo-
tive engines. It seems probabie that the vil pressure cannot be maintained at a
level high enough to assure adequate lubrication. In heavy duty diesel engines,
wear is much greater. Though this oil allows easier starting at subzero temper-

atures, its viscosity is too low at operating temperatures for the satisfactory
lubrication of heavy-duty engines.

The used REO-72-49 or M1L.-0-10295(ORD) oils were extremely variable in
properties ranging from 4.0 to 7.3 cs at 210°F and from 3,300 to 26,000 cs at
-40°F. Differences in dilution were not great enough to account for these varia-
tions (3, 4). The Arctic Test Station reports considerable differences in the
properties of the new REO-72-49 oils which probably accounts for the variations
observed in the used oils. This oil is considered the most suitable Arctic winter
crankcase oil by the Arctic Test Station as engines could be started fairly easily
at ambient temperatures as low as -35%F without the use of coolant heaters or
starting aids. Consumption rates were rormal and less wear was observed in
the heavy duty diesel engines using this oil. Some used oils had pour points as
high as -45° and -50°F which is above the maximum of -65°F, ltis possible that
these high pour points were due to contamination with other oils.

Properties of the used RPM-5W oils were fairly consistent, all having pour
points of -65°F, Two of the samples had high neutralization numbers but there
was no major change innhvsical pronerties, Recause only four samples were
available, two of which had much lower neutralization numbers, no conclusions
can be made as to their oxidation stability. Low temperature viscosities of the
oils do not bear out the Arctic Test Station report that this oil becomes very
viscous at temperatures below -20°F. The viscosity of the oils examined at
-40° F were intermediate between the extremes of the REO-72-49 oils. Viscosi-
ties at 100%and 210°F revealed no unusal drop in viscosity as reported by the
Arctic Test Station. Oil consumption was said to be high and adequate lubrica-
tion was not attained in diesel engines.

Three unusal requirements are asked of Arctic winter crankcase oils.

i-' I. They should have the lowest possible viscosity at subzero temperatures to
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facilitate starting with the least number of starting aids. Viscosities at -40°F
and lower temperatures are desired that are comparable to those of a conven-
tional oil at 0°F. II. Viscosities must be sufficiently high at operating tempera-
tures which approximate normal operating temneratures, to maintain an adequate
oil pressure and oil film to prevent excesaive wear.  1ll. The oil must have a
boiling point high enough so that consumption will not be excessively high and so
that it will not volatilize from hot cylinder walls leaving an inadequate oil film.
No known oil, petroleum or synthetic, fills the requirements for such a crank-

case oil. Therefore. a compromise must be made with some sacrifice at either
operating or at starting temperatures.

REO-72-49, a petroleum base oil containing a viscosity index improver and
MIL-0-2104 type additives,isa compromise oil. Some sacrifice in the low-
temperature viscosities were made to obtain higher viscosities at operating tem-
peratures. MIL-0-10295(ORD) oils have similar properties but this specification
allows latitude as to composition in that oil may be petroleum or synthetic or a
combination of the two. The RPM 5W oil is also a compromise, havine a lower
viscosity at operating temperatures than the REO-72.49 or MIL-0-10295(ORD)
type oils but approximately the same low temperature viscosity characteristics,
A crankcase oil having the viscosity of that of a MIL.-0- 10295 oil at 210°F but
with lower viscosities at subzero temperatures could be prepared by using a
larger amount of synthetic oil or a wholly synthetic oil. This would increase the

cost, but if operational characteristics were improved sufficiently it would be
warranted.

The Ucon LB-140X and Ucon LB-400X cils were unsatisfactory as gear oils
because of their inability to support the heavy load developed by the gears. Excess-
ive gear wear and failure were reported when these oils were used as gear lubri-
cants. Navy Symbol 9500 oil and Ensign 561 are not suitable as Arctic winter
gear oils because of their high viscosities and pour points. The former, a heavy
duty crankcase oil, probably would be unsuitable as a gear lubricant because of
its inability to support the loads developed

Ucon LB-140X-60 differs from Ucon LP-140X oils inthat the former contains
an extreme pressure agent. This oil showed no evidence of excessive oxidation
or deterioration during service. Its operational characteristics were satisfactory
down to -50° F, the lowest temperature encountered. Wear rates were normal
and no lubrication failures were reported. Satisfactory operation with the Key-
stone 78-6Hypoid gear lubricant was also attained down tc -50°F with no evidence
of excessive wear or lubrication failures. The decrease in pour points of the
used oils could be attributed to the precipitation of the additive or to their better
dispersion in service due to the shearing action of the gears. Though there was
little evidence ot oxidation instabihity or deterioration in the used oils the tendency
of a cornponent, probably the extreme pressure additive, to separate during stor-
age could lead to trouble. Wear rates would increase as the concentration
of the extreme pressure additive decreased. Roth the Ucon LIP- 140X -60 and
Keystone 78-6 gear oils have pour points of -45% to -50°F. At lower temperatures,
excessive drag and difficulty in shifting gears would be expected. The channeling
of the gears through the lubricant leaving them unlubricated also becomes prob-
able. These gear oils are considered maorginal for Arctic winter use because
their pour points of -457F are above -65"F, the lowest temperature expected.
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The conclusions tased on the results of the analyses of the used RGO-28-47
or MIL-1.-10324(ORD) gear oils ure obscured by mislabeled or contaminated
samples. However, from the number of samples showing little changes in pro-
perties during service it appears that this oil is adequately stable. The Arctic
Test Station reports that it has givenr satisfactory service in jeeps, weasels, and
tractors at temperatures from ¢ 30 1o -50°F. Consumption was low and wear
rates normal. Because of its low viscosities at subvzero temperatures and pour
point of below - 65 F .1t appears to be the most suitable gear lubricant for Arctic
winter use evaluated to date.
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